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ABSTRACT 

A paradigm for the' study of the diffusion of complex 
innovations through a society is presented in this paper; the 
paradigm is useful for studying sociocultural change as innovations 
diffuse. The model is designed to account for change within social 
systems rather than in individuals, .although it would also be 
consistent with information processing and attitude change models. 
Setting is defined by complex interactions between cultural objects 
and between these elements and the innovations. The associational 
structure of the model makes possible increased predictability of 
future changes because it takes into account all situation7specific 
relations affecting the actions of a society. Longitudinal 
multidimensional scaling is the preferred method for providing 
accurate measures of alterations. The model is useful for future 
research into diffusion of innovation phenomena, requiring a. 
continual measurement from the start of the process; this is 
necessary if the mathematical model is to be tested realistically. 
Graphs and references are included. (DF) 
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AN ASSbCIATIONAL MODEL FOR THE DIFFUSION 
OF COMPLEX innovations' 

The process by whtcfr Innovations diffuse ^through a society has 
beeh one of the mora thoroughly Investigated area^ of the social sciences 
Rogers and Shoemaker (1971) report over U200 studies describing various 
aspects bf the process. As might be expected, results often are contrar 
dlctpry and provide a less than clear picture of how Individuals decide 
to adopt a new product, practice, or Idea. * These studies tell us even 
less about How the process operates at the social levet. One reason for 
this confusion Is the lack of a common theoretical perspective which In-* 
tegrates the Indtvldual Innovation with other cultural aspects of the 
adopting society* 

This paper provides such a paradigm. It begins by making a distinc- 
tion between simple and complex Innovations (those which alter the associ 
atlvo structure of a culture). Complex Innovations are the prime concern 
here* Also, dssoclatlonism Is reviewed to show that Innovattve or cl-ea** 
tlve thinking can be described as an associative process. This notion 
Is extended to describe the diffusion of Innovations. Theri> the papo^r • 
reviews the history of attempts to describe mathematically the S-shaped 
curve traditionally Identified In diffusion of Innovation research. A 
specific method— longitudinal multidimensional scaling— Is suggested as 
the best method for providing accurate measures of alterations In a 
socloty*s associative structure as they are produced by an Innovation. 
The paper concludes by predicting the ma them?, t leal model which most 
accurately describes the adoption of innovations. 



/ 

/ -2- 



Thpnr y of Complex Innovations. 

The diffusion of tnnovatton process canbe divided Into two 9enera1 
types: t1) those whlch/ar. readily asstn,n=ted by r, society and (2) . 
those which lead to ^or cultural change..-. The I„te9ratlo„ of so^e . 
innovations (whether products, p;actlces, or ideas) causes only ripples ■ 
of minor significance In a given society; the diffusion of others produce 
global alterations in a society's cultu'ral patterns. 

The first type can be called the diffusion of sIheIS. innovations. 
,n this category 'are innovations which only --difV exlstlnj. practices 
or objects. Examples include hybrid seed, the change fro. a carburetor .. 
■ „ a fuel injection system in auto^biles or a ne. additive, to gasoline 
or detergent. Change occurs .within a single co.poAent.or subsystem 
.„ther than an«ng the relationships of cui tural objects. Si.ple Innova- 
tions do not substantially alter the normative patterns or the co™i- 

cation structure of society. 

The second category can be called the diffusion of cojiilex Innova- 
tions. Examples here Include a new religion, a new drug (such as birth 
control pills or .arijuana). or a new Invention (such as the auto..blle 
or the telephone). TheSe are .innovations which have had global conse- 
quences In ter.s of altering a society's, nor^l.. .Al.so. they dan modify- 
that society's communication structure and' transforn. the definitions of 
other social objects in addition to those of the actual Innovation. 

Both types of diffusion are discussed extehsively-in theoretical 
literature. The anthropological approach to diffusion (Linton. 1936; 
Sharp, 1352) stresses the consequences of an Innovation for the culture 
in which the object is diffused. As Linton writes: 



It has been observed that while elemnnts of culture 
may be diffused alone, they are more likely to travel 
In groups of elements which are functionally related 
(3321... Every cultural trait, even the simplest 
object or manufacturing technique, is really a complex 
of elements Including various associations and Ideas as 
to how It should be used (3^7)- . . 
Chapin (1928) distinguishes between the effects of the sulky plow (a 
complex innovation) and modifications to that- plow (simple innovations) 

upon a 'cul ture. . ' . 

While the theoretical literature in diffusion describes complex 
Innovations, the empirical literature vTrtually has Ignored the per- 
plexities of cultural change. One of the primary reasons for this is 
the. lack of methodological toc^ls fop measuring cultural change along 
severa.1 different dimensions simultaneously. Typically, the researcher . 
selects a single simgle innovation and observes its adoption pattern as 
the function of a s Ingle or HJnlted number of Independent variables, y 
These may include an adopter's; posttTon in the social structure, ]%<fa\ 
of education, pattern of medi& use, or communications with previous 
adopters. No one has explored the innovatton as an Independent variable 
which alters these and other cultural patterns. . ' 

In this paper the concern ?s with the difTusioh of complex innova- 
tions and their effects on altering the cultural definitions of society— 
or, the normative associative structure of its social system. Association 
Ist models long have bee^i proposed as explanations for the Innovations 
process (that is, hew /yarious combinations of thought patte/ns- result 



\h new Ideas, practices, or objects)* While these notions have been 
applied to Innovation processes, they have not been used to describe 
diffusion within a social system. Such a model Is proposed here. 
Assoclatlonlsp^ 

While asscclationlst models of cognition can be traced back to 
A*'lstotle, the basic Ideas of rRodern assoclatlonlsm were first advanced 
by Locke (1690) and other British associ atlonlst philosophers (Hobbes, 
Berkeley, Hume, Hartley, 'both Hills, and Bai n I\nderson and Bower, 197^1. 
Basic tenets of this school of thought Is^th^ the human mind begins 
tabula rasa (as a blank slate), and that the striic^ure of the mind at 
any specific time Is contingent on the Individual's past experience (5s 
opposed to each thought having an Innate and proper locus In the mtnd). 
In Locke's (1690, I il I5) words: 

The senses at first let In particular ideas, and 
fufnish this yet'empty cabinet, and the mind by de- 
grees growing familiar with some of them, they are 
lodged in the memory, and names got to them. After- 
wards the mind, proceeding further abstracts them, and 
, by degrees learns the use of general names. 

s 

Another canon — atomtsm-*-ho|ds that all knowledge can be derived from 
discrete simple ideas which, though the associative process, are combined 
Into complex ones. Simple Ideas are assumed to be so elemental that ; 
they are unanalyzabl e. Hume argues that complex Ideas do not necessarily 
resemble simple ones because they evolve from combinations of Ideas 
which somehow produce new patterns. 

Thus, the associat ionlsts view the human mind from a holistic per- 
spective — with each simple element Interacting, through its relations 

c 



with other elements^ to organize the mind. Cognition and the process 
qf organizing simple Ideas Into novel and complex ones are assumed to 
fc^jgoverned by three principles: 0) similarity, (2) contiguity, and 
(3) contrast* 

(1) The Principle of similarity holds that objects which. are con- 
qeptually similar are associated tn an Individual's mind. For example, 
thinking of lemons can easily lead to thoughts of limes* The two objects 
■perceptually are similar; they chare specific traits (including shape, 
texture, and internal physical structure). The principle of similarity 
Involves this kind of synchronous, assoclatton which structures simultane- 
ous Ideas Into more complex ones. It Is a structural concept because it 
^-elates through patterns to a single coh(^rent series of relations, or 
structures. ^ ^ - 

Word-substitution provides a good Illustration. If two v/ords are 
!}.ynonyms (that Is, semantically identfcal), then one can replace the 
<j>ther without any alteratton of the intGrrelationships among the symbols. 
)f the words are semantically different, they cannot be interchanged 
^};Ithout altering the relational structure, And the greater the dissimi- 
larity, the greater the Interrelationships among the symbols will change. 

(2) The principle of contiguity, as argued by Deese (15)65:12), is: 

s 

i*Two psychological processes occurring together In time or In Immediate 
Succession Increase the probability that an associative connection be- 
tween them will develop. This assertion is to time what the principle 
pf similarity is to space and, as such, can be considered a special case 
of . siml lari ty (as when thoughts of limes Immediately follow thoughts of 
lemons) . 
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(3) The principle of contrast advances the notion that associative 
links are formed between objects which are conceptual opposl,tes» -For 
example, thoughts of black often lead to thoughts of whtt6, large to 
small, good to bad, and so on. This, then. Is but another special case 
of the similarity principle. Given a pair of maximally dissimilar 
cpposltes—'^hot'' and '•cold*'— It Is not hard* to think of the terms "'warm** 
and ••cool/' which are moderately dissimilar to both the extremes* This 
leads to the Idea of a temperature dimension, with "hot" and *'cold^' at 
the extremes. Blpolars specify a single attribute which, Jn this case, 
\s temperature* Terms become similar because a single shared attribute 
was chosen from among all possible points of comparison. Slmllart ty 
between the blpolars relates to definition In terms of an identical at- 
tribute , even though they represent different values of that attribute. 

Locke, Berkeley, Hume, and Bairi considered similarity to be the 
Irreducible law of association. Hartley and James Hill, however, viewed 
such relationships as special cases of the principle of contiguity and 
as tautology (that is, things are similar because they are similar)* 

In my work, I consistently have tak^.n the position that all words 

and simple concepts are related In the mind ^fecording to thelV degree 

\ 

of similarly (Barnett, 1976). This supports Locke's opinion that Ideas 
are structured as similar because past experiences specify such a relation- 
ship between objects of thought. Objects, are not similar because they 
are similar. And the organization of ideas need not be determined by the 
perceptual process. Many metaphysical concepts have no perceptual refer-^ 
ent, yet they are associated with other ideas. 
Innovation as an Associative Process 
O \ According to H.G, Barnett 0953) i the innovation process takes 



place on a mental plane, with every Innovation seen as a combination of 
associative elements. Such Ideas are defined socially by the innovator's 
cultural setting through the society's symbol system. When an Innovation 
occurs, there Is a linkage or fusion of two or more elements that have 

e 

not been combined previously. The rejsult Is a qualitatively distinct 
whole. In other words, the associati'l^e structure of the innovator Is 
altered. 

As criterion for novelty, Barnetjt emphasizes reorganization of 
mental configurations rather than qu^nti tat iva variation: 'Mnnovation 
does not result from the addition or Isubtraction of parts. It takes 
place only when there Is a . recombinaliion of them 0953:9)." There are 
three distinct processes by which coqcepts can be reorganized. They 
are identification, substitution, and discrimination. Each process pro-^ 
vides specific motion in the configuration which alters the spatial 
relations binding the elements. The impression whl ch the indiytdual 
holds Is a function of the distance among the elements In his or her 

psychological system. 

Creative solution and novel mental configuration stem from individuals 
who are placed in states which tend to bring the required associative 
elements into ideational contiguity. Hednick 0962) suggests three ways 
of achieving a creative solution: 0) serendipity, (2) slml larlty, ^and 
(3) mediation. The first is self-explanatory; in the second, the re- 
quired elements for change result when stimuli which are alike elicit 
the associative elements; in the third, a mediating process Is used on 
common elements to evoke the requisite associative elements in contiguity. 
He claims that the degree of creativity is a function of how mutually 
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elements o, ,he now co„fr,ura.,o„ are. S.^Uar assoc,at,pn.,1 
,„„ov«,on h.ve .e.n presented By Golvin (,S3S) and L.n and 

« ' " Zaltman (1973). 

St..n 0363) considers creativity to both, result of sodUI 

processes. He clal.s that tHe process occurs .wUHIn an Individual as- . 
. -esuVt of the process of social transactions durln, which Information , • ■ 
,;^de avanohl, to the potentlal Innovator. And-,norder to he lahelUd 
■ . . ..,.„ovat,on..-tne novel product «h,ch results fro™ this process »ist. . 

' this final criterion which determines the ahllltv of the creative product 
to diffuse throughout a. society. ■ .. . . ;.. . . 

■ Kasperson (1376) provides a comprehensive review of empirical 
■ ■ ,„eraturo on the innovation process. He concludes that mnovatlveness 
„ 3 function of the varlet, and scope of t.e Infor^atlon-^ade avalUhle 
to an individual. One person's rodlus of expos^yre he determined to 

. „r fh« variety of published materia. s 
some extent by his or her environment or the variety P 

available.- Environment can be the organizational structure or climate. 

membership in an Invlslbie college, or some o^her set of tnterpersone, • 
.lations. Exposure tonovel ..formation^allows the re<,uis, te stimuli to 
.eor.anUe the associational structure of the Individual's cognition. 

Innovations are the result. . ; 

this section, an assoctationTst model of innovation 
To summarize this seciiwn, an 

. .:trMcture of- an Individual's mind at any 

suggests that the associational structure 

point is contingent on the individual .s,past experiences Cor information). 
.„d- It is this information about single elements or symbols and their de-. 
g..e of sl.l.arity that determines the way in which they can be combined, 
such combinations lead to innovations. The process ta.es place at = 
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social or cultural level beccuse an mdlvldual must receive Imputs In 
order to recomblne disparate elerhents Into novel patterns and because the 
creative product must be Judged ^orthwhlle by the larger social .orgaln- 



zatlon. 



Heasureroent of the As' ^octatlonallHodal 

The assoclatlonal model of jihe Innovation process has Impl tcatlons ' 
for the study of. their diffusion. It suggests that an -ossoclatlontst 
model can Increase predictability and explain more about the adoption of 
new Ideas, practices, or. products. 

The diffusion of Innovations and the acceptance (tjr rejection! of 
a new Idea is also a mental process Involving the reorganization of 
elements In assoclatlonal configurations by members of a culture. Most 
often. It Involves the addition of new concepts Into a culture's meantng 
system. As an Innovation spreads throughout a society, the configuration 
shared by members of that society Is modrffed to provide an accurate 
representation of the Innovation and the cultural changes produced. 

The degree of reorganization of the associative structure Is a 
function of the amount of Information members of the soctal system 
receive about the Innovation, Communication scientists long have been 
Interested In the effect of message variables on the adoption process. 
Indeed, it Is these messages which must alter the existing associations 
and form new ones. The associations formed with the Innovation must 
Indicate compatablHty with "...existing values, past experiences and 
the needs of the receiver CRogers £ Shoemaker. 1971: 1^*5) ." The Rogers 
and Shoemaker book is full of examples of innovations which failed to Be 
• adopted by a socIe^■/ because compatible assoclatlonal links were not 
formed. The more compatible an innovation is with existing associations 

1 ' 
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as perceived by members of a soda] system, the faster Us ,rate of 
adoption 0971:1952). From an assoctatlonal perspective^ compattbtlity 
H the cognlUve Introduction of a novel element which minimizes the 
configuration's change at the cultural level. 
L , 'The associative model demands a measurement scheme for the study 
of the diffusion of innovations that meets the following requl remerits: 

U Associatlonal links among a set of elements are measured. This 
relationship Is the similarity among the set of items. It must be capable 
of relating existing practice and the innovation to that consteilatlon ; 
of Items used to define the new Idea. 

2. It is holistic. That Is, It must be capable of measuring, simul- 
taneously, along all integrating dIn.ensions toproduce a total de'scription 
of tho complex inrovation rather than jiist describing separate aspects 
of t. relationship... Such attributes must not be imposed by tl,^. researcher 
but must emerge from measurements on the adopting society. 

3/ To describe the cognitive state of a social system, measurement 
niust take place.on a societal or cu,tural level. It must Involve con- 
.sensual measures. Only In this way, prediction about the dearee of 

adaptation can be made. 

h. Finally, tne measurement scheme must be capab^ of measuring 
changing conceptions in a culture's assoclational structure. over_tline. 
HS. the members of the social system become exposed to Information about 
the innovation, it must describe the adoption process. This me/ins that 
"ratio measures must be used to make possible descriptive calculations of 
the rate Cor velocity) of cultural change. Given multiple time periods, 
accelerations also can be calculated. Such velocities and accelerations 
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are necessary for any discussion of process (Arundale, 1971 t 1973). 

Theoretically, the scale must be Inflntte; actually. It must only 
be long enough to examine the phenomenon In question and It must be 
Infinitely dense (that Is, capable of measuring the most mlnlsculc 
changes In the configuration). 
longitudinal Multidimensional Scaling 

One measurement system which satisfies these demands of the assocl- . 
atlve model Is longitudinal multidimensional scaling^ (or HDS) as pro- 
• posed by Woelfel (1972, 1973, 197^), Woe>fel and Barnett USTj) , Barnett 
0976), Wlgand and Barnett (1976), and Barnett, Serota, and Taylor 097^, 
1976). The fundamental approach to HDS Is: the assodatlonal structure 
for any set of concepts can be represented on an N x N distance matrix; 
each vector of this matrix describes a concept's relationship with all 
other concepts; In diffusion of Innovation studies., these concepts are 
(a) the Innovation Itself, (b) prevrous products or Ideas which the 
Innovation" may displace, and (c) a series of cultural objects which 
have stable and well-established relations with previous practices ..and 
the Innovation. 

Data on these concepts can be gathered through a series of direct' 
paired comparisons elicited with questions phrased this way: "If X 
-and Y are U units apart,, how far apart are a_ and b?" Such wording de- 
mands dissimilarity judgments from a respondent, but specifies that such 
Judgments be made in terms of a standard distance provided by the 
experimenter .3 

Disslmnarlty matrices formed from measures taken In this way pro- 
vide, static pictures of the Interrelationshtps among concepts held by 
Individuals. The average distance n^tL,rix generated from all members of ■ 

ERIC 
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a soctal system Cor a representative sample of that population) represents 
the collectrve consciousness — that aggregate psychological configuration 
which constitutes culture. In successive matrices, process Is recorded 
at known time Intervals. Changes between the matrices are calculated. 

Such a procedure minimizes measurement unrel tab| 1 1 ty. Although 
data for a given Individual may be unreliable {or, Inversely proportional 
to the difficulty of the judgment task) application of the Central Limit 
Theorem and Law of Large Numbers forces the arithmetic mean of all re- 
sponses—for any cell of the matrix— to converge on the true population 
mean, as the sample size Increases. Reliabilities In the .85 to .gO 
range have been reported with as few as 50 cases (Barnett, 1972; Danes 

and Woelfel, 1975). 

Mean distance matrices are transformed further to scalar-products 
matrices which are double-centered CTorgerson, 1958) to establish origins 
at distribution centrolds. Such matrices subsequently are factored to 
achieve coordinate matrices whose columns are orthogonal axes and whose 
rows are projections of the concept location on each of the dimensions. 
This space simul toneously represents average distance judgments for all 
possible pairs. Also, the multidimensional space Is constructed from 
the unstandardined distance vectors. Thus, all variance In the. sample 
population ordinarily is accounted for by the N-1 dimensional space ^ 
(although under some conditions It may be less) CBarnett.e Woelfel, t97.6) • 

This procedure is repeated over time. Provided that no additional 
information affects the relative stability of concepts, spaces are ro- 
tated about the centroid to a least-squares best fit. From the resultant 
cross-time coordinate matrices, one can fit motion trajectories which 
describe relational changes for the set. When additional Information Is' 

1 



present. such as knowledge of tfxe relative Inertia! masses (amount 
of prior Information ISaltrel S Voelfel, 19753) of the concepts- 
alternative rotational algorithms exist tWoelfel et al. 1975; Serota 

et al, 1977). 

tleast-squares rotation has the effect of over- 
estlmatino some changes vhlle underestimating others. This can lead 
to-erroneous conclusions. As an alternative to this procedure, • 
Woelfel et al, (1975) have proposed a method which makes use of 
theoretical or "extra" Information to provide a rotation which yields 
..a simpler apparent motion. Such information concerns location of 
the concepts in space and i. independent of coordinate values. Because 
of this, it can be treated as invariant^ under rotation and when co- 

ordinates are transUted. 

Another alternative rotation scheme shifts only the theoretically 
stable concepts to a least-squares best fit and then incorporates, 
dynamic concepts into a new coordinate system. Ot Is quite similar 
to procedures used In astronomy when positions of fixed stars are used 
to measure the motions of other stellar bodies.) With the diffusion 
of innovations, there are theoretical reasons to suspect that stable 
relationships exist among the concepts used to define prior practices 
and objects; dynamic relationships exist among the prior practice of 
object and the innovation. Thus, one might hold the defining concepts 
stable and allow the innovation to rrove in relation to them. 

Still a third procedure, when more information is knowh, is to 
weigh the concepts according to their inertial masses'and rotate, them 
to a v/e?ghted solution* 



ol 



si 



ERIC 



Formulae necessary to perform all of these operattons are described • 
tn great depth fay Woclfel et al, 0975); an empirical example Is, pre- 
sented By Serota ct al. (1977). A computer program—known as •'Gal lleoglV" 

••—with the necessary algorithms Is available at several academic 
Institutions, 

Once rotations are complete, change In the position of concepts 
can be calculated by simple subtraction of the coordinates over time. , 
Motion through the space can be expressed as velocities: 

H 



d, J=l 
v^ = I = 



? Ca,j . bjj)2 



where Vj ■= the velocity of concept j_, . 

d, « the distance concept \_has moved across the Interval 

of time t^, • , 

t =-time, 

aj = the coordinate value, of concept ]_ on the Jth 

factor of the space, and 
bj = the coordinate value of concept \_on the Jth 
factor of the tj space. 
This motion can.be decomposed into Its components along the 
orthogonal dimensions on which concepts are differentiated. Velocities 
and accelerations then can be computed as derivatives of the resultant 
curves. Partial derivatives are changes on a single dimension. Thus, 
it Is" possible to use diffusion messages to determine change In con- 
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cepticns toward novel Ideas tn terms of the dimensions: 

N 

V, = ds/dt dsv/dt -h ds,/dt'*"=4:...-tdsydt « E ds,/dt. 

Similarly, accelerations In the space are given by the second derivative: 

N . 
A* - d^s/dt2'= I d^sj/dt^. 

« 

I suspect that this derivative is non-stationary. Research on 
diffusion of innovations shows that the adoption process can be describ- 
ed with an 3-shaped curve-thus, d^/dt^ is not constant. Also, on the 
basis of the literature in the field. 1 predict that' acceleration (of 
the concepts) changes as a function of information supplied to members 
of the social system. For these reasons, much information on the 
diffusion process stands to be gained from second-order derivatives. 

The Diffusion Curve 

So for, I have made no predictions about rates, of cultural change 
over time. It seems clear that there is modification in these rates 
during t^.c adoption of the Innovation. Theoretically, slopes reflecting 
the velocity of change over time resemble the traditional S-shaped 

diffusion curves. «■ . ' 

. For the ideal case, changes in the receiver system are described In 
- .t.h.ls, way: Initially, the rate is very slow and represented by a small., 
positive slope; then, the rate increases exponentially until about hplf • 
of the potential adopters have notified the i r "conceptions of the innovation 
At this point,, the slope should peak at about 2.0.^ In the next stage. • 
cultural change continues--but at a decreasing rate. Although still 
positive, the slope approaches zero and becomes asymptotic with the 
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number of potenttal adopters Cthat Is, as assoctatJve processes within 
laggards lead them to change their conceptions of the Innovation). * 
This S-shaped, growth curve first was described by Tarde 0903). 
Since then, It has been found consistently In the diffusion of Innovation 
- literature: Chapln (1928) fou'nd It with the diffusion" of the sulky plow; 
Pemberton (1936) reported that postage stamps and state adoption of 
constitutional or statutory limits upon the taxation rate of municipal- 
itles could be described with it; McVoy (19^0) found the same curve 
with the diffusion of cit^ manager plans; Ryan and Gross -(1943) and Ryan 
■ i\sm identified the S-shaped curve with the spread of hybrid seed corn 
' Hagerstrand 0953) described this curve' for many Innovations In a rural 
society. Yet; there are exceptions. - Rogers et al 0972) suggest that 
this traditional diffusion curve does not appear when the innovation 
involves a taboo topic (methods of birth control, for example). It is 
possible, however, that S-curves do not appear with such phenomena simply 
because the processes involved ^^tal^s so long in gettlhg started. 

There have been a number of attempts to descrrbe thl^ S-curve 
mathematically. Pemberton proposes the binomial formula, X = Ca=b)", 
where a and b^, the probabllitres of acceptance and rejection, equal 1/2, 
and n Is the grov/th exponent. This formula describes a normal frequency 
distribution which, when accumulated, becomes a normal ogtve. He reasons 
that 

because the time of adoption is complex, factors operating " 
to cause adoption prior to the average time may be regarded 
as equal to and counter-balancing the factors causing 
addiJtion at a later than average time. The time of trait 
acceptance in any given r,ase is determined by the chance 

combination of factors for and against adoption (550) . 
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If multiple causes exist whtch produce chance adoption before and 
after the mean, however, than p 1/2 Is wrong because probabilities 
are not equal. This suggests the polynomial formula 

»%t, If probabilities do not equal 1/2, then the curve Is assymmetijlcal 
and does not resemble- the S-curve. Pemberton also makes an additional 
assumption which limits the usefulness" of his model: the population 
must be homogeneous with respect to adoption. This never Is the case. . 
It Is the characteristics of a heterogeneous soclety-posltl'bn In the 
social structure (Rogers & Shoemaker, 1971; Katz et al, 1972). physical 
proximity^ and Information distribution Cor, mass media and network 
. IntegratlonT— which are the most useful In analyzing diffusion of 

Innovation. * , .'■ 

■ Dodd 0950, 1953, 1955) presents a mathematical model of logistic 
diffusion. It begins with the differential equation,' dp/dt = kpq,^ 
where p = proportion of knowers or adopters In the population, q = 1-p, 
and k «= a proportionality constant (which describes thfe probability that 
an Interaction between a knower and nonknower will result In adoption). 
Dodd's formula Is Integrated to produce P^. = l/l+(q/p)e'^^, the accumulated 
logistic equation. As with Peinberton, Dodd makes an assumption which 
Invalidates his'model as a descriptor of cultural change. He assumes 
that diffusion populations can be divided Into two groups, knowers ^nd 
nonknowers. Yet, the rate of cultural change derives from continuous 
movement In the spatial manifold, not from a dlchotomous decision to 
adopt or not. The processes a cbntinuous one and it is Impossible ' 
to categorize the population ' Into any two groups because there are no 
criteria for such a decision. 

9^. to • 
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Colcnian L\3(>h) proposes two diffusion models. One follows from 
; Dodd but assun,e:s that persuasion Becomes Increasingly redundant over 
time. People who already have adopted are the ones who persuade 
others to adopt at a constant rate, and the diffusion rate Is con- 
stantly proportional to their number. The differential equation which- 
summarizes this relation is dA/dt ^ kA(N-A) where, A ? number of 
adopters. N «^ population size, k = a change constant. Integrated, the 
.predictive equation becomes A ^ w'^VN-He'^S Again, this model Is. . 
flawed by a dtchotomous parameter, adoption or non-adoptton. 

Coleman's second model descrlbr.s diffusion as a decaying expo- 
' nentlal process. In this model, diffusion occurs within a limited 
•population; Information proceeds from a constant source. Uuch as mass 
' „,edla) -which is' Independent of the number of adopters. Thus. In thts 
• case, the number of adopters at each pol^t In time is proportional to • 
the number of those who have not adopted the innovation. The accumulated 
number pf adoptions increases as a decaying exponential function of time. 
The differential equation describing the process Is dA/dt=kO.-A) . At t=0 
ana A=0 the predictive equation becomes A=be-kt, And again, the as- " 
sumption 'Of a dichotomous dependent Variable renders the model useless 
• fol- the measurement of conceptual change. 

Problems caused by the lack of patterned interpersonal networks 
and the assumption of equality In mass media usage raise adJitlonat. 
- . doubts about this model. Also, at the lower limits, the process Is not 
described accurately. Here a diffusion curve should reflect exponential 
growth. C'oteman's does not. His second curve always is a decaying 
• exponential function. " A final problem here (see figure l) is that the 
■ predictive equation becomes asymptotic at zero rather- than at the number 

ERIC . 2C - 
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TK ^ntearated equation for correcting this 
of potenttal adopters. The Jntegratea q 

problem Is A-bd-'j^+KM.^ 

Ptgure 1 about here 

'\ nq73^' diffusion resembles exponential, growth 
For Hamblln et al, 119731, oittu:.! 

,„ thts dtfferantla. equation: dA/dt-kA where, 
of the type suggested tn this . 
,..he ,ua„tUV o, the attH.ute and . - the rate of ,r«th 

Hon Is A-be". Vlhlle this >nodel does not 
---":t:Tttnot:thoutUsd,ff.cu,tUsUeef.g.e«. 

Because It assumes an Inflni-e pop 
' ' diffusion process accurately at the upper end. 

Figure 2 about here 
.eso authors later suggest a. .el Which does. " U a co..at.on 
. an e.po.ent,a, grcth and decaying exponential function, an 

- descrlhed hy.the differ.tlal e,uat,o. ^'-^^^^ ^ 

. ■■- ' . • t N « the population size, A - the number ot 

■ ::::;„„.; 

■ deper\dent variable. 

, 1 =.ro total iv applicable to a 
« «f thpse formulae are totai ly ayv ^ 
so. wh, le .none of these ^^^^^ ^ ^^^^ 

CnceptualUatlon of cultural change (as pre . 

Vide descriptive insight Into the dlf ."uslon curve. For ex p . ^ 

co«ntofHa™M,netal.(1973:«)onPe*erton.sn.deU • 

...Pemberton.s theory has never gained acceptance. ■ 

,„ part because th,,U^,l-aHaHo=^tel^^ 
^.rJsLS^ only the difference equation 

for the norma, frequency distribution). This „.ans 
ErJc ' ' that no one has ever been able to investigate the ■ 



-20- 



parameters of the ogtve to see tf they make, sense. 
ThuSi rather Ironically, the ogive has never been 
rejected^ so far at least, prrmarlly for theoretical 
reasons* There }s no theoretical equation and, 
therefore, there are no parameters that can be 
explained. - 

There Is discrepancy on this point. The formula for a curve 
normally distributed about the mean at zero is y ==C2Tr)"^^^ exp 0^1/2 X^) . 
Integrated, this formula describes the normal ogive which equals 

; t27r)'/2 (e-l/2t^) dt- 

The problem with this curve Is that It assumes infinity. It starts 

at negative Infinity and approaches the population size after an 

Infinite time period.^) Finite limits must be placed on the curve If it 

Is to be realistic in describing social phenomena. This is done by 

limiting observations to Include only those persons who adopt within 

three standard deviations of the mean, thus including more than 99 per 

cent of the population. Problems caused by negative infinity are 

solved by translating the coordinates from a mean of zero to the 

observed mean. The general formula for a normal curve which applies 

In this case Is y = 1/a (27r) exp (e -l/2(x-p)^/o) . The pre.dicti\(e 
equation {see figure 3) becomes 

/ 1/2 cxp (e-l/2(Xlf/^) dt. 

This provides the best predictive model for innovarjlQn diffusion in an 
Idealized situation, it assumes only that the population is distributed. 



normally with respect to the adoptTon proBabUItles* 

Ptgure 3 about here 
In the typical situation, one can expect the diffuston curve to 
reflect exponential growth until an Innovation Is approximately one** 
half accul turated. At this potnt, the curve will become one of 
decaying exponential growth. Thus> the predictive equations are: 
X-be*^^ for 0 < t < 1/2 and X«be'^'^Vkn for l/2< t< 1. X becomes asymptotic 
with the rate of behavior suggested by new Information as It Is acquired 
by persons In the receiver system. Such an asymptote applies only to 
unldlmenslonal cases; for the multidimensional concept presented here, 
the curve liecomes, asymptotic with, the distance relation advocated by new 
information. 

This model assumes that adoptive behaviors are distributed normally 
In a population of potential adopters. If this assumption can be met, • 
then the curve may be described as the normal ogive with the modifications 
suggested above* This model describes the Idealized diffusion curve and 
need not be accurate for each and every case. If rapid adoption were to 
take place, as when a change In the law requires a change In behavior, 
the the slope would surpass 2.0 at the midpoint of the process. On the 
other hand, the diffusion of a taboo topic would take place slowly and 
the slope would not reach 2.0 during the process. 

Yet, the variables that Rogers and Shoemaker 0971) discuss are 
parameters affecting the curve's slope and the length of the process." 
Structural factors { a wel l-i htegrated communication network within the 
adopting society, for example) shorten the process ind increase the slope. 
And this is typical of modern Industrial societies. Yet, la traditional 
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soctettes G^tthout well-deftned iDedta systemsi-^-sucft as the ones detailed 
by Hagerstrand Cl353)-^-assoctatlve structures change slowly; the slope 
of th^ resultant curves are not nearly as steep. Thus, "the curve does 
provide a model against which the adoption of Individual Innovations 
and diffusion campaigns can Be compared. 

Empirically, the curvej Is established by plotting actual change 
rates against time. Then, a Une is fitted to a least-squares best fit. 
Finally, function Is defined by a determination of the slope at each 
point. - * . 

Summary and Conclusion 

The model advocated here <:an. be used to conceptualize genela! studies 

» 

of soclo-cultural change as well as specific Investigations which focus 

* ' . » 

on changes within cultures as Innovations diffuse. The model Is- postted 

at the soclo-cultural level. Thus, It Is designed for the Investrgatton 

of change wtthin social systems rather than for attitudes held by 

lndlviduals--although It is consistent with other Information processing 

and attitude change models CBarnett, 1976; Craig, 1976; Woelfel, 1977; 

Saltlel and Woelfel, 1975; Woelfel and Saltlel, 197'») . 

This conceptualization examines the Innovations within a cultural context. 

Setting Is defined by complex interactions among cultural objects, and 

between theoe elements and social change mechanisms Cthe Innovations^, 

themselves). The assoclational structure provides a holistic picture 

which leads to Increased predictability of future behaviors because It 

takes Into account all situation-specific relations affecting the actions 

of a society. This has been demonstrated within the political context 

by Barnett et al, (1976), Serota et al. 0977), and Cody 0977). Also, 

over time measurement Increases predictability and provides a dynamic 

24 
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picture of . the change wtthln the socUl systero being Investigated. 

The model has the addtttona! advantage of allowing the derivation 
of message strategies to most effectively alter the assoclatlonal 
structures with respect to the Innovation. And, the obvious corollary 
to this Is that probabilities for adoption of he object, practice, or 
Idea are maximized. Procedures for this Involve vector analysis 
of 'the multidimensional spaces and some assumptions' derived from the 
Woelfel -Salt lei attitude theory. Equations necessary to perform the 
analysis are provided by Woelfel et s\»0376) and empirical demonstrations 
are provided In a political contex Scrota et al, 0977)s and Cody 

(1977). \ 

Thus, the model presented herevj^rovldes a paradigm for future 
research Into diffuslpn-of ' rhnovatton pheno In applying this 

approach, one requirement Is conttnual measurement from the start of 
the process* This Is necessary If the mathematical model Is to be 
tested tested realistically. Clearly, the general model should be tested 
and effects of various strateg}es measured In terms of the overall 
curve. 

In this way, future diffusion campaigns can be run more effectively. 
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NOTES j 
■ j 

!• Acknowledgment is due to Joseph Woelfel, Everistt H. Rogers, 
. Rolf T. Wigand^ James A. Danowskt, Robert D. HcPhee and 
Craig Harklns without whom this paper could not have been 
written. 

2. The technique proposed here Is based on the classical multH 
dimensional r.cal Ing model CTorgerson, 1958). Other non- 
classical multidimensional scaling models are available, but 
these techniques apply principally to the reduction of matrices 
which are merely ordinal, and so are not applicable to the 
continuous, reliable ratic scaled data provided by the measurewent 
system proposed in this paper. While they provide an accurate de-- 
scrlption of the structure of the data, change In the space over 
time cannot be observed. CShepard, ' 66 &1972). 

3. Woelfel 097^:13) has outlined several key advantages to this 
technique: 'Tirst and foremost, no restrictions are placed upon 

^ the respondent J who may /eport any positive real value whatever 

for any pair. Thus, the scale is unbounded at' the high end and 
continuous across Its entire range. Secondly, because the untt 
of measure Is always the same O.e., the unit ?s provided by tl^e 
InvasClgator in the conditional, "If ^ and v. are ju units apart," 
and thus every scale unit is 1/u units), and because the con- 
dition of zero distance represents identity between concepts and. Is 
hence a true zero, not at all arbitrary, this scale Is what soctal 
scientists usually call a ratio scale, which allows the full range of 
standard arithmetic operations. Third, since the unit of measure ts 
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provlded by the experimenter it is possible to maintain the same 
unit of measure from one measurement to another, both across samples 
and across time periods, which' Is crucially important since time Is 
one of the primitive variables of scientific theory. These three 
characteristics taken together provide the capacity for comparative 
and time-series analyses at very high levels of precision." . 

li. This assumes that the coromunicatton within the social system Is 
either random or normally distributed. tSoiomonoff and Rapoport, 
1951). 

5. I would like to thank Robert D. McPhee for his help in reformulating 
Coleman's equations to a non-zero asymptote. The proof of the 
correct solution is given below: 



problem: ia. ^ . a) 
dt 

Solution: A = be + KN 

f Proof: ^.-Kbe-I^t " 
I ' « KN - KN - Kbe"*^*^ 

I 

= K(N - A) 

a.E.D. 
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FHiURE 1 

COLEMAN'S KODEL OF DEtAYIN^G EXPONENTIAL GROWTH 
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